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A newinfrared beamline haseen developed on a conventional dipgoémding magnet port of the
vacuum ultravioletring at the National Synchrotron Light &irce (NSLS).The port provides
approximately 12nrad horizontal and 8 mrackertical aperture, which limits theseful spectral

range to wavelengths less than 2. Though the total fluacrosghe mid-infrared idessthan that

from a globar source, the calculated brightness is attiwasirders of magnitude greater. Also, the
synchrotron source delivelight in sub-nanosecond pulséshe developing experimental programs
include studies of hydrogeand other materials axtremelyhigh pressuresand timeresolved

studies of infrared sensor materials. The measurement results presented here, characterizing the
actual brightness advantagend spectroscopic performance, demonstrdtee synchrotron's
remarkable advantage for microspectroscopic studiegsmerican Institute of Physics.

[. INTRODUCTION conventional bending magnet port. Tablesthows the
calculated properties of thédurceand thecomparison with a

Research using infrared radiation from synchrotroglobar (T~1200 Kblackbody) source.Therefore, a decision

sourceshas seen steady growth ovehe pastfew yearS. was made to construct a mid-infrared beamline on such a port

Dedicated beamlines have been constructeth@tNational  of the NSLS vacuum ultraviolet (VUV) ring.

Synchrotron LightSource (NSLS) (USA), Daresbury (UK),

Lund (Sweden)UVSOR (Japan), and.URE (France). New

infrared beamlines are being plannedconsidered for the Il. DESIGN AND CONSTRUCTION

ALS (USA), SRRC(Taiwan) andCAMD (USA). Most were

built for wavelengths out to severalindred micronswhere The purpose othe beamline is tprovide mid-infrared

the synchrotron's brightnésis several orders of magnitude radiation substantially superior tthat from a blackbody

greaterthan for a globar;the standard midinfraredource. source. An ambitious experimental program dictahed the

Extracting such long wavelength infrared, whitaintaining beamline be brought to operational  status quickly.

the highsource brightness, requiresaage exit aperturelom  Therefore, we adapted an existing port, designd, on

the electronbeam chamber. Retrofitting existing chamberghe NSLS VUV ring, andused "off-the-shelf* components

can be costly, and the required space does not always exist.whenever possible. This also minimized costs.

The U4IR beamline at th&SLS is one ofhe mostactive A schematic of the infrared extraction system is shown in
infrared facilitie$®. Requests for experimentatcess had Fig. 1. Thevacuum chamber fothe mirror optics was
increased to the poirthat a secontbeamline was necessary. assembled from conventionalltrahigh vacuum (UHV)
However,not all the measurements required lamgvelength fittings and components withonly minor modifications.
performance. Mid-infrared studies of hydrogen lgh Externally adjustable gimbal mounts supptwb of the
pressures, semiconductor materialgnd other small three mirrors, with the remaining mirradjusted bytilting
specimens, could make useth® highbrightness or pulsed the entireassembly orits mount. A 60//s pump proved
structure of infrared synchrotron radiatigg6R) from a adequate for achievinthe requiredvacuum of 2x13 Torr

TABLE |. Characteristics ofhe U2B infrared beamline at the NSLS, and brightness compariso to 5200K
"globar" source. An asterisk denotes a diffraction limiteltie, due tdhe 8 mrad (vert.) and 12 mrad (haperture
into the storage ring.

Frequency Source size Flux U2 brightness globar brightness
(cm™) v x h (cm) (photons/s/1%bw) (photons/fsr) (photons/s/chsr) U2/globar
10 000 0.0%0.1 8.8x16° 1.6x16° 1.7x16* 9.5x16
1 000 0.12*% 0.1 1.9x16° 9.5x10°% 1.2x10° 7.9x1G
100 1.2% 0.8* 3.7x10? 3.7x10° 2.2x10* 1.7x16
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FIG. 1. Beamline extractioaptics andvacuum hardware. The SR (shaded
areas) enterfrom the left and exits to the right. Natl the hardware is
shown.

or less. Upstream of the extractisgstem is astandard
beamline front-end, which includes photamd radiation
safety shutters, and isolation valves.
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FIG. 2. Intensity profile ofhe infrared SR measured with a |5@ aperture

at thef /3.5 sample location. The vertical profile (right-hand paneshiswn
deconvolved into three separate 108-wide spots.

so thef /3.5 sampleoptics should demagnify by a factor of
25, yielding a 4Qum diameter spotRaytracing through the
optical arrangement indicatebat a pointsource will be

UHV conditions are not needed for transporting infraredimaged by the /3.5 spectrometer sampbgtics into aspot

radiation, so the first three mirrors (M1-M&3rve to extract
the infrared portion of thbeamand bring itout from the
storagering vacuumthrough awindow. All three mirror
blanks were obtained from "stock". Therrorswere coated
with silver to providehigh reflectivity acrossthe entire
infrared and into thenear-UV. The first mirror(M1)
absorbghe large UV anK-ray SR flux,and mustissipate
the associatecheat. The mirror blank is made eblid

oxygen-free, high conductivity (OFHC) copper, clamped to a

high currentUHV feedthrough (also OFHC coppeshich
enabled external cooling of the entire assembly.

Mirrors M2 and M3 aremade from glass. M2 is an
f /6 sphere with a 45.7 cm (18¢cal length. The angle of
incidence is abous®. This leads to a smalbut acceptable,
amount of spherical aberration andma. M3 reflects the
beam through an all-metalalve and out from vacuum
through a potassiuforomide (KBr) window. This window
transmits wavelengths from 200 nm beyond 2Qum, so
that in addition to infraredgxperiments requiringisible or
even near-U\tan be performed. Thgeam is narrowear
the focus between M&and M4, allowing a small diameter
(and therefore inexpensive) valvand window to be used.
From here thebeam is transported in drpitrogen at
atmospheric pressure. Mirror M4 is fré, 30.5 cm sphere

50-100um in diameter, due to thenirror aberrations
described above. Therefotbe combination ofource size
and mirror aberrations arexpected to produce an image
about 10Qum in diameter.

[ll. PERFORMANCE MEASUREMENTS

Measurements at tHé4IR beamline of theNSLS-VUV
ring have already demonstrated the utilitysabnanosecond
infrared SR pulseé. Therefore, we havefocused our
performance measurements on the available brightness
required formicrospectroscopy asmall aperture (diamond
anvil cell) throughput. We haveonducted a series of
measurements comparing the flux throughsud signal-to-
noise (S/N) of the synchrotrosource withthe standard
spectrometer mid-infrared (globar) source for various
apertures ranging from 10@Q6n (1 mm) down to 5@m.

The spectrometer is a commercial Fourier transform
infrared (FTIR)instrument with Ge:KBr beamsplitter and
Hg.xCdTe (MCT) detector. This coversthe beamline's
primary spectral ranggom about 2um out to 15um. We
used the spectrometer'snternal globar source, which
operates at a temperature of about 1200Kthasstandard

which collimates the beam while M5 steers it to the entrancdor comparing the SR sourc&he globar/MCT combination

of an IR spectrometer located faw meters downstream.
The arrangement of M4 tends to cancgime of the
aberration introduced by M2. Mirrors Ma&nd M5have a
conventional aluminum coatingather thansilver which
would degrade from occasional exposure a@o. The
infrared beam exitsbelow the level of the electronbeam

yields the best performance commercially available for the
spectral range around 0n.

Thef /3.5 imagedor the SRsource was mappettans-
verse tothe optic axis, by measurinthe transmitted signal
level through a 50 mm aperture mounted onxay stage.
The results areshown in Fig. 2. The full width at half-

orbit, simplifying the placement of shielding against the maximum (FWHM) in the horizontal plane is about 100,

bremstrahlung radiation that from an
unexpected venting of the ring.

The image siz@roduced athe sample location can be
estimated by notinghat M2 collectslight from the 1 mm

(horizontal) by 0.5 mm (vertical) sized source at al§dQo,

mighbccur

1644 Rev. Sci. Instrum., 66 (2), February 1995

consistent with the aberratiosnd source sizeeffects de-
scribedearlier. The verticaprofile is asymmetricprobably
due to multiple reflections frorthe wedged beamsplitter of
the FTIR spectrometer.The profile deconvolvesnto three
separate spots of about J0® FWHM each.

Synchrotron radiation
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FIG. 3. Detector signafor both IR sources, measured throughrious FIG. 4. 100% lines for both IR sources through the 5@ aperture,
dimater aperturefom 50 to1000mm. Upper panel, synchrotron source; indicating the available S/N.

lower panel, globar source.

We measured the signdével (proportional to the stantial advantagesver the conventional mid-infrared
transmitted flux)through thefour apertures, both for the source for microspectroscopyThe available brightness is
globarand SRsource. The SR output depends linearly on about 100 timeghat of aglobar, limited primarily bymirror
the stored electrobeamcurrent, and wéiave normalized aberrations. Custommirror optics couldgain an additional
all the SR data to beamcurrent of 1 A, which represents factor of 10 in brightness.
the maximum amount presently stored in the machine. The research program &82B is well underway, and
During the 5 hour periodetween "fills",thebeam decays to results for hydrogen at GPa pressures were recently
about 250ma. The signafor the globarsource is seen to published. The high brightness and broad spectral coverage
decrease quickly (approximately #ee diameter squared, as are unmatchefbr microspectroscopic studieand thesub-
expected) ashe aperture size is reducégkeFig. 3). For  nanosecond pulses are unigquely suited for studying dynamics
the SRsource, there is virtually no decreasesignal until in semiconductor materials. The simplicaydlow cost of
an aperture of 10Qm is reachedand it delivers a signal such mid-infrared beamlines should promottheir
throughput 10-100 timethat of theglobar forthe 50um development at othehigh currentelectron synchrotron
aperture. facilities.

The increased signal throughpdibesnot necessarily
lead to improvedpectroscopy performande e.g., thesyn-
chrotron’s electron orbit fluctuated in position. To check
this, we have measured the run-to-run 8Nboth sources.
This is easily illustrated by comparing the ratios of two
identical measurements, which showyidld a smooth, flat
line at unity (i.e. 100% lines). In Fig. 4 we show 100% lines
for the 50um aperture. It is readily appardhiat the S/N
for the synchrotronsource is 1 to 2 orders of magnitude
better than for the globar.
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